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近年，国内では粒径 2.5 µm 以下の微小粒子状物
質（PM2.5）に対して大気環境基準値が設定され，
PM2.5 に関する社会的な関心がますます高まってい
る．PM2.5は，粒径 10 µm 以下の粒子（浮遊粒子状
物質）に比べて肺の奥深くまで入りやすく，呼吸器
系への影響に加え，循環器系への影響も懸念されて




悪影響が懸念されている（Bandowe et al., 2010).  
こうした PAHs の主要な人為発生源は，化石燃料
やバイオマスの燃焼，自動車や焼却炉からの排ガス















は，これまで多くの報告がある（例えば，S. O. BAEK 





環境試料中の粒子状物質に強く吸着している PAHs および OPAHs を効率よく同時抽出するには，高圧流体抽出法（PLE）のような
さらに高効率な抽出法の適用が不可欠であると考えられた．
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の両方の環境動態に関する定量的なデータは限られ
ている（Bandowe et al., 2014)．また，PAHsの分析法
については，一斉分析法が既に確立されている例も










 検討対象物質は，PAHs では USEPA（米国環境保
庁）で規制対象物質として指定されている 16 種の
PAHs を含む 21 種，OPAHs では既報(例えば，H. 
Wingfors et al., 2011)を参考に選択された 28種とし































物 質 は ， Fluorene-d
10









平成 23年 3 月）．本検討では，長さ 30 m，内径 0.25 























































16   2-Methylanthraquinone 84-54-8
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線の直線性について行った．繰り返し測定の再現性




























件は，温度を 25±3℃，抽出時間は 5 min/回，抽出
回数は 3 回とした．次に，抽出液を無水硫酸ナトリ
ウムで脱水後，ロータリーエバポレーターと窒素ガ





















し，抽出温度は 25℃，35℃，45℃，抽出回数は 2 回
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① ② ③ ④
PAHs
1 1.6% 2.6% 8.6% 7.4% 0.01 - 1 0.01 - 1 0.01 - 1 0.01 - 1
2 2.2% 1.5% 6.1% 6.4% 0.01 - 1 0.01 - 1 0.01 - 1 0.01 - 1
3 2.1% 1.8% 8.8% 6.5% 0.01 - 1 0.01 - 1 0.01 - 1 0.01 - 1
4 1.8% 3.1% 7.7% 7.0% 0.01 - 1 0.01 - 1 0.01 - 1 0.01 - 1
5 5.3% 3.9% 7.5% 8.2% 0.05 - 1 0.01 - 1 0.01 - 1 0.01 - 1
6 2.9% 2.5% 8.2% 5.7% 0.01 - 1 0.01 - 1 0.01 - 1 0.01 - 1
7 4.3% 1.5% 10.6% 5.7% 0.01 - 1 0.01 - 1 0.01 - 1 0.01 - 1
8 2.0% 4.3% 7.4% 6.9% 0.01 - 0.5 0.01 - 0.5 0.05 - 1 0.01 - 1
9 1.2% 3.9% 5.2% 2.3% 0.01 - 1 0.01 - 1 0.05 - 0.5 0.01 - 1
10 1.8% 4.1% 2.7% 1.9% 0.01 - 1 0.01 - 1 0.05 - 0.5 0.01 - 1
11 4.3% 7.6% 16.9% 5.9% 0.05 - 1 0.01 - 1 0.1 - 1 0.05 - 1
12 1.5% 3.2% 7.9% 3.5% 0.05 - 1 0.05 - 1 0.05 - 1 0.01 - 1
13 8.3% 6.4% 8.3% 7.8% 0.05 - 1 0.05 - 0.5 - 0.05 - 1
14 3.5% 7.5% 10.5% 3.0% 0.05 - 1 0.05 - 1 0.1 - 1 -
15 8.7% 2.6% 15.4% 5.6% 0.05 - 1 0.05 - 1 0.1 - 1 0.01 - 1
16 6.4% 7.5% 11.6% 8.4% 0.01 - 1 0.05 - 1 0.1 - 1 0.01 - 1
17 4.7% 7.2% 8.6% 4.7% 0.01 - 1 0.05 - 1 0.1 - 1 0.01 - 1
18 5.9% 5.0% 8.1% 9.8% 0.01 - 1 0.05 - 1 0.1 - 1 0.05 - 1
19 12.7% 13.1% - 9.8% - - - -
20 9.7% 28.8% 22.1% 7.5% - - - -
21 6.5% 4.8% 15.7% 8.1% 0.05 - 1 0.05 - 1 - 0.05 - 1
Average 4.6% 5.9% 9.9% 6.3%
Max 12.7% 28.8% 22.1% 9.8%
Min 1.2% 1.5% 2.7% 1.9%
OPAHs
1 5.8% 7.0% 7.6% 6.7% 0.05 - 1 0.05 - 1 0.05 - 1 0.01 - 1
2 7.0% 7.5% 12.1% 8.0% 0.01 - 1 0.05 - 1 0.05 - 1 0.01 - 1
3 4.4% 3.6% 7.1% 7.3% - - - -
4 3.4% 4.5% 4.6% 4.5% 0.01 - 1 0.01 - 1 0.01 - 1 0.01 - 1
5 8.8% 3.5% 10.7% 5.6% 0.05 - 1 0.05 - 0.5 0.05 - 1 0.05 - 1
6 6.8% 6.5% 7.2% 3.3% 0.05 - 1 0.05 - 1 0.05 - 1 0.05 - 1
7 15.0% 8.7% 10.2% 5.5% 0.1 - 1 0.05 - 0.5 0.05 - 1 0.05 - 1
8 7.4% 4.7% 9.1% 7.2% 0.05 - 1 - 0.05 - 1 0.05 - 1
9 2.5% 2.9% 5.8% 5.7% 0.01 - 1 0.01 - 1 0.01 - 1 0.01 - 1
10 3.3% 4.8% 9.1% 3.2% 0.05 - 1 0.05 - 0.5 0.05 - 1 0.01 - 1
11 3.8% 4.8% 10.1% 5.1% 0.05 - 1 0.05 - 1 0.1 - 1 0.01 - 1
12 8.0% 3.0% 16.6% 6.4% 0.1 - 0.5 - - 0.01 - 0.5
13 27.5% 9.3% 71.6% 9.4% 0.5 - 1 0.05 - 1 - 0.01 - 1
14 1.6% 1.5% 6.7% 4.0% 0.05 - 1 0.05 - 1 0.05 - 1 0.01 - 1
15 11.5% 14.3% 11.6% 6.9% - - - 0.01 - 0.5
16 13.0% 9.5% 18.8% 4.2% 0.5 - 1 0.05 - 0.5 - 0.01 - 1
17 7.4% 8.8% 14.6% 10.4% 0.1 - 0.5 - - 0.05 - 0.5
18 - 10.0% - - - - - -
19 6.0% 6.7% 12.2% 6.9% 0.05 - 0.5 0.05 - 1 - 0.05 - 1
20 4.3% 6.8% 25.7% 5.3% 0.05 - 1 0.05 - 1 - 0.05 - 1
21 3.2% 3.7% 8.5% 4.2% 0.05 - 1 0.05 - 1 0.1 - 1 0.05 - 1
22 6.0% 7.1% 19.2% 7.3% 0.01 - 1 0.05 - 1 - 0.1 - 1
23 15.0% 13.6% - - - 0.05 - 0.5 - 0.05 - 0.5
24 12.1% 8.7% 35.4% 5.5% 0.01 - 1 - - -
25 - - - - - - - -
26 6.2% 11.7% 35.2% 10.4% 0.1 - 1 - - -
27 12.6% 7.5% 27.1% 11.5% - - - -
28 10.7% 9.2% 24.5% 13.1% - 0.05 - 1 - -
Average 8.2% 7.0% 16.9% 6.7%
Max 27.5% 14.3% 71.6% 13.1%
Min 1.6% 1.5% 4.6% 3.2%
No.
)L/gm（egnaRFRR fo DSR%























Average %RSD Average %RSD Average %RSD Average %RSD Average %RSD Average %RSD Average %RSD
PAHs
1 64 10.3 67 1.1 55 7.1 67 16.0 71 6.6 67 8.7 61 12.5
2 70 7.7 73 2.1 63 4.9 75 9.2 77 4.2 74 8.3 68 11.9
3 69 4.9 73 1.5 64 5.0 76 9.3 75 1.9 73 6.1 66 10.9
4 81 3.8 82 3.2 75 3.7 92 4.7 85 2.9 83 1.4 76 7.7
5 85 0.4 84 3.0 81 5.9 221 6.2 89 3.5 87 2.5 127 11.3
6 87 2.4 83 6.6 87 3.3 88 2.8 88 2.7 90 2.4 84 9.4
7 92 1.0 93 3.7 92 3.1 101 3.2 92 4.7 96 2.2 86 4.5
8 93 0.2 92 2.3 89 2.5 102 5.5 89 6.2 94 1.8 89 5.6
9 104 2.5 100 1.7 95 2.6 91 1.3 94 3.4 95 3.1 95 2.9
10 103 0.4 99 1.6 92 0.5 92 2.0 92 1.6 95 3.3 99 5.2
11 86 6.7 77 5.5 80 3.1 76 3.2 81 3.1 80 2.2 77 15.2
12 83 4.7 80 9.1 80 4.3 85 8.6 78 4.3 79 5.4 85 15.0
13 83 6.4 78 10.4 78 3.5 84 7.8 79 5.1 77 1.0 80 17.2
14 70 12.5 64 12.7 64 7.5 80 13.3 71 13.9 68 4.3 76 25.2
15 73 10.3 72 4.6 74 10.8 77 12.4 80 4.9 84 6.7 94 9.0
16 73 11.6 56 9.0 71 14.5 82 13.1 81 12.6 79 9.7 88 16.4
17 82 10.9 76 5.8 77 10.3 81 13.2 86 7.8 86 5.5 97 8.5
18 76 8.4 72 3.7 73 8.0 81 10.7 79 9.4 82 4.6 94 5.4
19 96 10.8 87 10.5 81 14.4 90 18.3 89 10.2 92 5.5 95 8.8
20 98 10.3 77 10.5 87 10.5 93 10.5 89 6.0 91 7.8 102 5.3
21 94 5.4 76 7.2 83 9.5 92 10.8 86 6.5 85 6.6 97 6.9
OPAHs
1 70 8.1 86 2.0 76 5.3 93 3.8 79 4.2 79 8.1 84 3.7
2 94 2.9 98 4.6 87 7.1 100 4.6 94 2.9 96 0.7 83 5.2
3 103 1.0 101 3.3 99 8.0 104 8.1 96 3.2 104 2.6 93 2.0
4 106 0.4 104 2.5 100 1.5 119 5.8 99 6.5 109 2.4 105 5.7
5 87 21.7 29 2.1 78 15.8 80 13.7 45 43.9 78 33.5 69 26.6
6 109 2.7 115 4.0 103 2.3 114 3.7 104 8.7 114 4.3 98 5.2
7 85 11.4 86 1.4 90 0.8 6 67.0 88 1.9 109 6.7 32 19.1
8 120 4.8 131 6.1 117 7.6 91 3.3 115 6.9 122 6.0 110 8.4
9 101 2.1 86 2.8 90 2.9 89 1.8 90 2.6 91 7.4 94 5.2
10 113 3.7 111 3.2 100 6.9 97 1.9 106 3.2 111 3.8 109 6.6
11 123 2.5 116 3.9 107 4.3 105 5.4 108 4.7 113 4.0 110 5.7
12 119 2.8 132 3.3 113 4.6 167 2.2 118 6.0 122 3.4 162 1.2
13 62 5.1 56 5.4 65 14.5 52 9.3 56 10.0 64 6.1 83 8.0
14 104 1.3 105 2.0 96 4.4 92 3.4 101 5.1 103 3.1 99 2.3
15 139 12.2 123 2.9 123 2.3 110 3.9 139 4.0 129 2.2 125 4.1
16 120 7.1 129 2.8 121 7.9 122 2.1 121 7.0 132 5.0 120 3.4
17 101 2.8 107 2.0 101 2.6 99 3.8 101 3.6 106 2.1 104 1.5
18 96 49.1 162 73.2 723 70.6 108 41.2 71 57.1 1056 50.7 874 36.1
19 105 3.0 111 5.8 111 3.1 108 3.3 106 6.9 109 1.6 108 3.6
20 100 2.3 98 7.3 97 3.0 99 9.1 97 4.3 94 3.6 97 10.8
21 91 1.4 89 5.1 92 2.3 90 4.1 87 3.7 87 2.3 87 6.6
22 80 10.3 80 13.2 77 8.5 91 15.3 87 10.4 88 3.5 91 19.9
23 73 5.7 56 11.5 66 16.7 13 5.3 71 10.2 70 2.8 35 15.6
24 71 16.3 73 13.3 69 13.4 84 19.0 85 11.9 82 4.1 90 16.3
25 14 27.1 10 10.3 10 38.6 9 47.4 11 40.6 16 7.1 17 21.7
26 78 11.0 85 6.9 82 14.8 75 14.3 90 7.3 96 4.5 97 8.0
27 103 11.4 91 5.4 93 13.3 96 6.6 107 10.0 105 5.9 113 7.3
28 104 8.6 84 5.9 91 13.0 95 8.8 98 6.3 99 8.1 102 4.7
②/③ ②/④
No.
① ② ③ ④ ②/①
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Average %RSD Average %RSD Ratio Average %RSD Ratio Average %RSD Ratio
PAHs
1 51 10.0 62 2.5 1.23 65 4.0 1.28 69 7.7 1.36
2 57 8.1 66 3.0 1.15 66 2.3 1.16 71 4.6 1.24
3 57 5.2 66 3.5 1.16 66 1.4 1.16 72 5.9 1.26
4 66 1.8 76 2.1 1.15 72 1.7 1.09 76 5.3 1.14
5 87 1.8 113 1.2 1.29 90 0.4 1.03 90 9.2 1.03
6 79 6.4 88 3.9 1.11 81 8.6 1.02 81 5.5 1.03
7 81 3.8 94 1.2 1.16 82 4.6 1.01 89 5.3 1.09
8 73 5.3 86 2.4 1.18 73 3.3 1.00 78 7.0 1.07
9 82 5.9 87 1.4 1.06 79 7.2 0.97 85 4.6 1.04
10 84 4.6 88 2.2 1.05 79 7.0 0.94 84 4.1 1.00
11 70 4.5 79 8.1 1.13 71 6.1 1.03 78 2.0 1.12
12 76 6.6 85 2.0 1.12 80 8.2 1.05 86 3.1 1.13
13 76 8.4 86 2.4 1.13 78 7.3 1.02 87 2.0 1.13
14 70 7.4 82 4.8 1.17 76 6.2 1.10 88 3.9 1.26
15 81 16.3 80 4.6 0.99 77 10.1 0.95 86 4.4 1.07
16 72 15.2 76 6.2 1.07 71 10.9 0.99 86 6.8 1.20
17 83 17.3 82 3.8 0.99 73 8.9 0.88 85 3.5 1.02
18 69 15.2 66 3.3 0.95 64 8.4 0.92 72 6.0 1.04
19 86 15.8 87 6.2 1.01 71 11.9 0.82 89 10.6 1.03
20 211 39.8 65 38.8 0.31 82 29.4 0.39 101 40.8 0.48
21 82 11.5 81 5.7 0.98 71 8.8 0.86 83 1.4 1.01
OPAHs
1 58 7.9 66 6.0 1.13 62 14.6 1.06 66 13.3 1.12
2 81 3.2 88 3.8 1.09 83 0.7 1.02 90 5.4 1.12
3 88 2.7 95 2.5 1.08 85 5.0 0.96 90 5.7 1.02
4 91 4.3 104 1.3 1.14 88 4.5 0.97 95 7.7 1.04
5 65 21.3 88 26.2 1.35 69 10.6 1.05 65 19.5 1.00
6 91 5.1 108 3.2 1.20 90 3.3 1.00 97 9.7 1.06
7 62 15.2 78 1.7 1.26 77 9.3 1.25 65 15.5 1.05
8 102 8.8 100 2.4 0.98 89 12.0 0.87 92 4.1 0.90
9 84 9.6 81 6.2 0.97 73 9.5 0.87 81 6.5 0.97
10 94 6.4 96 1.5 1.03 86 8.3 0.92 97 4.8 1.03
11 98 4.0 103 1.9 1.05 98 13.0 1.00 100 1.0 1.02
12 119 13.7 123 4.2 1.03 108 12.2 0.91 134 3.1 1.13
13 61 12.7 63 7.9 1.03 56 11.9 0.91 64 5.9 1.05
14 91 2.8 92 2.0 1.02 83 8.6 0.91 89 2.0 0.98
15 84 19.6 38 4.1 0.45 29 14.2 0.34 39 10.9 0.46
16 97 0.9 116 3.7 1.20 100 13.6 1.03 108 2.1 1.11
17 91 3.0 97 1.5 1.06 90 8.8 0.99 93 1.5 1.02
18 325 19.3 245 6.1 0.75 232 11.1 0.71 238 13.6 0.73
19 96 1.5 100 2.4 1.04 90 8.9 0.94 96 1.8 1.00
20 87 3.7 97 2.7 1.11 92 10.2 1.06 99 1.7 1.14
21 80 2.5 90 1.9 1.12 81 9.1 1.01 91 0.9 1.13
22 92 10.5 91 6.7 1.00 87 8.1 0.95 96 2.7 1.05
23 72 6.4 73 7.3 1.02 68 8.7 0.95 66 4.4 0.92
24 83 12.8 91 8.5 1.10 81 9.2 0.97 93 2.7 1.12
25 31 30.4 36 17.3 1.16 37 25.0 1.19 43 12.4 1.40
26 87 15.7 83 4.3 0.95 73 6.0 0.84 87 5.9 1.00
27 91 13.6 89 6.2 0.98 82 10.3 0.90 93 2.9 1.02
28 95 13.6 86 6.2 0.91 78 10.8 0.82 91 3.9 0.96
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Study on Simultaneous Analysis of Polycyclic Aromatic Hydrocarbons and their 
Oxygenated Compounds in Environmental Samples using Gas 
Chromatography/Mass Spectrometry 
1 Department of Biological Environment, Faculty of Bioresource, Akita Prefectural University 
2 Akita Research Center for Public Health and Environment 
Keywords: Polycyclic aromatic hydrocarbons, oxygenated polycyclic aromatic hydrocarbons, simultaneous analysis, gas 
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To assess the environmental behavior of polycyclic aromatic hydrocarbons (PAHs) and oxygenated PAHs (OPAHs) originating 
from anthropogenic sources, we conducted a study on the simultaneous analysis of PAHs and OPAHs in environmental samples 
using gas chromatography/mass spectrometry. In this study, the analytical condition of the capillary column type, ultrasonic 
extraction solvent, temperature, and time were studied; the optimized conditions were then successfully applied for the 
simultaneous analysis of target compounds in tested samples. Furthermore, we evaluated the optimized conditions using a 
certified reference material (NIST, 1649b, urban dust). The results suggested that the application of pressurized liquid extraction 
is necessary to achieve simultaneous and higher extraction efficiencies of target compounds that were markedly adsorbed into 
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